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REMARKS 

Following entry of the foregoing amendments, claims 1, 15-17, 20, 22, 23, 27, 28, 36-39, 
and 41 constitute the pending claims in the present application. Claims 1,15-17, 20, 22, 23, 27, 
28, and 36-39 stand rejected in the present application. Claim 41 is newly added. Issues raised by 
the Examiner are addressed below in the order they appear in the Office Action. Applicants 
respectfully request reconsideration in view of the following remarks. 

1. Claims 1, 15-17, 20, 23, 27, 28, 36-39 are rejected under the judicially created doctrine of 
obviousness-type double patenting over claims of the US Patent No. 6,432,970. Applicants note 
the omission of the terminal disclaimer in the response of February 2, 2004 and are filing a 
terminal disclaimer with the instant response. Accordingly, Applicants respectfully request 
reconsideration and removal of the rejection. 

2. Claims 1,15-17, 20, 22, 23, 27, 28, 36, and 37 are rejected under 35 U.S.C. 112, 1 st 
paragraph, as allegedly containing subject matter which was not described in the specification in 
such a way as to enable one skilled in the art to which it pertains, or with which it is most nearly 
connected, to make or use the invention. Applicants respectfully traverse this rejection to the 
extent it is maintained over the claims as amended. 

Applicants direct the Examiner's attention to MPEP 2164.04, which delineates the 
burden carried by the PTO in order to make a prima facie case of lack of enablement. The 
provision states that the Examiner must "establish a reasonable basis to question the enablement 
provided for the claimed invention," and that "it is incumbent upon the Patent Office, whenever 
making a rejection on this basis, "to explain why it doubts the truth or accuracy of any statement 
in a supporting disclosure and to back up assertions of its own with acceptable evidence or 
reasoning. ..." In re Marzocchi, 169 USPQ 367, 370 (CCPA 1971). Moreover, the Examiner 
must consider the level of skill in the art. As set forth in MPEP §2164.06, "a considerable 
amount of experimentation is permissible, if it is merely routine," such that, as stated in MPEP 
2164.01(c), "if the art recognizes that standard modes of administration are known and 
contemplated, 35 U.S.C. 112 is satisfied." 
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The arguments set forth in the Office Action do not satisfy the PTO's burden. The 
arguments fail to provide a reasonable basis for the rejections or address Applicants' previous 
response, and, indeed, they vitiate entirely the level of skill accorded to one of skill in the art. 

The Office Action maintains that the rejection of record is "not one of description but of 
scope of enablement of the claimed invention." The Office Action states that the instant claims 
are single means claims. Applicants direct the Examiner's attention to MPEP § 2164.08(a) where 
a single means claim is referred to where "a means recitation does not appear in combination 
with another recited element of means." Applicants assert that the instant claims are not single 
means claims because the claims depend on numerous recited properties for achieving the stated 
purpose. In particular to achieve the stated purpose of claim 1, a method for inhibiting unwanted 
mitotic cell proliferation in an animal, comprising administering to the animal a composition 
comprising an effective amount of a molecule, the molecule requires the properties of being 
organic, of being purified, of having a molecular weight of less than 750 amu, of interacting with 
smoothened, and of lessening the severity of a hedgehog gain-of-function, patched loss-of- 
function, or smoothened gain-of-function phenotype. 

Accordingly, the instant claims are not single means claims as numerous alternative 
means (inorganic molecules, impure molecules, molecules of molecular weight greater than 750 
amu, molecules that do not interact with smoothened, etc.) of achieving the stated purpose are 
possible. Accordingly, Applicants assert that MPEP § 2164.08(a) is not applicable to the instant 
claims. 

The Office Action states that the "present specification lacks description of the claimed 
invention in full, clear, concise and exact terms as to enable the skilled artisan in the art to make 
and use the claimed invention commensurate in scope with the instant claims." Applicants 
respectfully disagree and direct the Examiner's attention to MPEP § 2164.08 which concerns 
enablement commensurate in scope with the claims. MPEP states "claims are not rejected as 
broader than the enabling disclosure under 35 U.S.C. 1 12 for noninclusion of limitations dealing 
with factors which must be presumed to be within the level of ordinary skill in the art." 
Furthermore, "not everything necessary to practice the invention need be disclosed." Indeed, in 
In re Goffe, 542 F.2d 564, 567, 191 USPQ 429, 431 (CCPA 1976), the court stated: 
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[T]o provide effective incentives claims must adequately protect 
inventors. To demand that the first to disclose shall limit his claims to what he has 
found will work or to materials which meet the guidelines specified for 
"preferred" materials in a process such as the one herein involved would not have 
served the constitutional purpose of promoting progress in the useful arts. 

Applicants maintain that not each and every embodiment of the present invention must be 
demonstrated and that the specification enables one of ordinary skill in the art to determine 
undisclosed embodiments. 

In particular, as stated in the response mailed January 29, 2004, Applicants maintain that 
one of ordinary skill in the art would be able to determine whether a given molecule falls within 
the instant method claims. A skilled artisan need only determine if the molecule was organic, 
check for purity, measure the molecular weight, and ascertain its biological activity. Identifying 
whether a molecule is organic can be done simply by inspection of the empirical formula, a 
routine task for the skilled artisan, e.g., a Ph.D. in chemistry or biochemistry. Assessing purity is 
also a common exercise and can be performed by spectroscopic experiments such as NMR 
spectroscopy and mass spectroscopy as well as measuring physical properties such as melting 
and boiling temperatures. Determining the molecular weight of a compound is a trivial matter, 
squarely within the scope of the knowledge and training of a skilled artisan, such as by using a 
mass spectrometer in a fashion that was routine long before this application was filed. 
Determining whether a compound interacts with smoothened and lessens the severity of a 
hedgehog gain-of- function, patched loss-of-function, or smoothened gain-of- function phenotype 
may be more technically involved, but it is certainly not undue experimentation, because the 
specification provides a protocol for conducting such an assay (see example 3), and because it is 
again within the knowledge and training of a skilled artisan to be able to conduct these assays. 
As such, Applicants assert that the specification provides a link between the claimed invention, 
and the molecules encompassed by the instant claims. Applicants further assert that the 
specification provides sufficient detail to enable one skilled in the art to make and use the instant 
invention commensurate in scope with the instant claims. 

According to MPEP § 2164.08 the determination of the appropriateness of a rejection 
based upon the scope of a claim relative to the scope of enablement involves two stages of 
inquiry. The first of these is in determining the breadth of the claim with respect to the 
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disclosure. Applicants have demonstrated above that the instant claims are not single means 
claims and hence are not subject to an undue breadth rejection under 35 U.S.C. 1 12 first 
paragraph as being broader than the enabling disclosure. Applicants have shown above that one 
skilled in the art could readily determine any one of the claimed embodiments of the instant 
claims. 

The second stage of inquiry according to MPEP § 2164.08 for the determination of the 
appropriateness of a rejection based upon the scope of a claim relative to the scope of 
enablement is to determine if one skilled in the art is enabled to make and use the entire scope of 
the claimed invention without undue experimentation. Applicants reiterate, as in the response 
mailed January 29, 2004, that such experimentation is routine experimentation and not undue 
experimentation. The MPEP enumerates at least eight factors that need to be considered when 
determining whether there is sufficient evidence to support a determination whether any 
necessary experimentation is "undue". These are: (a) the breadth of the claims; (b) the nature of 
the invention; (c) the state of the prior art; (d) the level of one of ordinary skill; (e) the level of 
predictability in the art; (f) the amount of direction provided by the inventor; (g) the existence of 
working examples; and (h) the quantity of experimentation needed to make or use the invention 
based on the content of the disclosure. (See MPEP 2164.01(a) reiterating factors listed in In re 
Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988).) Applicants address each of 
these factors separately below. 

The breadth of the claims is limited to molecules that are organic, that are purified, that 
weigh less than 750 amu, and that interact with smoothened and lessen the severity of a 
hedgehog gain-of- function, patched loss-of-fimction, or smoothened gain-of-function phenotype. 
Applicants assert that the breadth is not at all open-ended, but rather is circumscribed by both 
structural and functional constraints. 

The nature of the invention is tractable to a skilled artisan, e.g., a Ph.D. in bioorganic 
chemistry or biochemistry. Essentially, the nature of the invention is interaction of a small 
molecule with a discrete biological target in order to elicit a specified biological response. 

The state of the prior art is such that many compounds that bind to and activate or inhibit 
a biological target were known and widely used at the time the present application was filed. 
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While Applicants maintain that inhibiting unwanted mitotic cell proliferation by administering 
molecules falling within the instant claims is novel and unobvious over the prior art, the general 
methodology, i.e., identifying, modifying, and using small molecules to elicit a specified 
biological response, was well established in the prior art at the time the instant application was 
filed. 

The level of skill to practice the instant claims is high, i.e., a Ph.D. in bioorganic 
chemistry or biochemistry. Applicants assert that it is well within the training and knowledge of 
such an artisan to be able to follow the guidance the specification provides to identify 
compounds that interact with smoothened and can be used to inhibit unwanted mitotic cell 
proliferation. 

The level of predictability in the art is not low. Applicants have provided concrete 
working examples of molecules falling within the instant claims. Moreover, Applicants point to 
U.S. Pat. No. 6,552,016, and WO 031 1219, patent documents assigned to the present assignee, 
which show compounds, subsequently identified by assays such as those disclosed in the present 
application, that also inhibit the hedgehog pathway and are effective on pet-null cells. Thus, 
Applicants contend that additional compounds can be identified by routine screening with 
reasonable predictability. 

The amount of direction provided by the inventor, and the existence of working examples 
point against a finding of undue experimentation. Applicants reiterate that they have provided 
sufficient guidance as to how to identify molecules falling within the instant claims, i.e., in terms 
of structural and functional descriptors. Moreover, Applicants assert that they have provided a 
working example of a compound which interacts with smoothened, and inhibits unwanted 
mitotic cell proliferation (See example 1 which discloses application of jervine and 
cyclopamine). 

Additionally, Applicants assert that the quantity of experimentation needed to make or 
use the invention is commensurate with the content of the disclosure. As previously made of 
record, the process of identifying compounds which interact with smoothened, is routine and not 
undue experimentation. The independent claims in the pending claim set necessarily require 
administering a compound which interacts with smoothened or has inhibitory hedgehog activity 
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in order to inhibit unwanted mitotic cell proliferation. Thus, Applicants assert that it is necessary 
for a skilled artisan merely to be able to identify such compounds prior to administering them for 
the purpose of inhibiting unwanted mitotic cell proliferation. Applicants have argued above that 
the specification provides a skilled artisan with the tools necessary to identify and use such 
compounds. 

Furthermore, Applicants submit that, as of the priority date of this application, one skilled 
in the art would readily have been able to identify additional compounds within the scope of 
those recited in the claims through use of chemical libraries. The application teaches the use of 
chemical libraries for the identification of lead compounds, as discussed for example on pp. 76- 
78. Although the specification may not provide extensive guidance on the procurement of 
chemical libraries, MPEP 2164.05(a) makes clear that the "specification need not disclose what 
is well-known to those skilled in the art and preferably omits that which is well-known to those 
skilled and already available to the public. In re Buchner" Chemical libraries, each with 
thousands of different compounds, were not only readily prepared but were commercially 
available before this application was filed, and those skilled in the art would readily have been 
able to procure and test such libraries in the assays described in the specification, e.g., on pages 
78-79. As such, "a variety of libraries on the order of about 100 to 1,000,000 or more 
diversomers of the subject compounds can be synthesized and screened for particular activity or 
property" (See p. 77). 

To support this position, Applicants submit herewith Exhibit A, a copy of Drug & Market 
Development, 1998, Vol. 9, 89-104, showing that, before the filing of this application, high 
through-put screening techniques were used to screen thousands of individual compounds and 
other materials for effectiveness in processes of interest. Similarly, Applicants submit as Exhibit 
B a copy of Arenas et al, Nucleic Acids Symposium Series, 1999, No. 41, 13-16, which cites 
references prior to the disclosure of the instant invention and demonstrates the earlier state of the 
art that a skilled artisan would have been able to screen libraries of thousands of compounds 
derived from a variety of different chemical classes. Id. at 15. 

Thus, one skilled in the art would readily have been able to apply well-known screening 
techniques to chemical libraries and identify exemplary active compounds of widely varying 
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structures in the disclosed assays. For example, Applicants point to the available screening 
assays disclosed on pp. 78-79 of the specification. No undue experimentation would have been 
required to apply these assays to high-throughput screening techniques; indeed the practice was 
routine, if not trivial. As stated in MPEP 2164.06, even if the amount of experimentation 
required is extensive or time consuming, that alone does not make such experimentation undue. 
"The test is not merely quantitative, since a considerable amount of experimentation is 
permissible, if it is merely routine, or if the specification in question provides a reasonable 
amount of guidance with respect to the direction in which the experimentation should proceed." 
In re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988). "An extended period of 
experimentation may not be undue if the skilled artisan is given sufficient direction or guidance." 
In re Colianni, 561 F.2d 220, 224, 195 USPQ 150, 153 (CCPA 1977). Applicants submit that the 
quantity of experimentation needed to make or use the instantly claimed invention is 
commensurate with the content of the specification. 

For these reasons, Applicants assert that there are no grounds for rejection based on the 
scope of enablement since the scope of enablement provided to one skilled in the art by the 
disclosure is commensurate with the scope of the claims, and one skilled in the art is enabled to 
make and use the entire scope of the claimed invention without undue experimentation. 
Accordingly, Applicants respectfully request reconsideration and removal of the rejection. 

3. Applicants note with appreciation withdrawal of the rejection of claim 28 under 35 
U.S.C. 112, 2 nd paragraph. 

4. Claims 1, 20, 36, 38 and 39 are rejected under 35 U.S.C. 102(b) over Gerashchenko et al. 
Applicants respectfully traverse the rejection. 

Although Applicants submit that the reasons already of record adequately demonstrate 
the error of the Examiner's position, Applicants have amended claims 1 and 38 to recite methods 
wherein the mitotic cell proliferation is associated with a cancer. Applicants assert that mitotic 
cell proliferations associated with a cancer are distinct from the decrease in proliferation of 
granulomas taught by Gerashchenko et al during inflammatory response to injuries in rats. As 
such, the claims as amended are not anticipated by Gerashchenko et al because Gerashchenko et 
al do not teach administering jervine in order to inhibit or decrease mitotic cell proliferation, 
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wherein the mitotic cell proliferation is associated with a cancer. Accordingly, in light of the 
reasons and amendments presented above, Applicants request reconsideration and removal of the 
anticipation rejection. 

Applicants further assert that the same reasons and amendments presented above render 
the instant claims unobvious over Gerashchenko et al Namely, Gerashchenko et al do not teach 
or suggest that jervine can be used to inhibit or decrease unwanted mitotic cellular proliferation, 
wherein the mitotic cell proliferation is associated with a cancer. Gerashchenko et al disclose 
formation of granulomas in rats' paws in the span of 8 days. As stated above, these granulomas 
are aggregations of specialized phagocytes in response to the injury inflicted on the rats' paws. 
There is nothing in Gerashchenko et al to teach or suggest that jervine would also have a similar 
inhibitory effect on unwanted mitotic cell proliferation, wherein the mitotic cell proliferation is 
associated with a cancer, as instantly claimed. Moreover, there is no teaching or suggestion that a 
similar application of jervine would have an inhibitory effect on tumors and carcinoma. As such, 
Applicants assert that one of ordinary skill in the art, having read Gerashchenko et al, would not 
have had the requisite motivation to administer jervine to unwanted mitotic cell proliferations, or 
use it for treatment of basal cell carcinoma or medulloblastoma. Applicants further assert that 
any reasonable expectation of success for such use cannot exist in the absence of teachings in the 
prior art regarding the efficacy of jervine for inhibiting the mechanistically distinct mitotic cell 
proliferation associated with a cancer. 

Thus, Applicants assert that Gerashchenko et al do not render the instant claims obvious. 
Accordingly, Applicants respectfully request reconsideration and removal of the rejection. 

CONCLUSION 

For the foregoing reasons, Applicants respectfully request reconsideration and 
withdrawal of the pending rejections. Applicants believe that the claims are now in condition for 
allowance and early notification to this effect is earnestly solicited. Any questions arising from 
this submission may be directed to the undersigned at (617) 951-7000. If there are any other fees 
due in connection with the filing of this submission, please charge the fees to our Deposit 
Account No. 18-1945. If a fee is required for an extension of time under 37 C.F.R. § 1.136 not 
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accounted for above, such an extension is requested and the fee should also be charged to our 
Deposit account. 
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Dr. Hsuichak and colleagues report that compliance among 
enrollecs jumped from 55-8% during the year before the study 
to 76.1% after the reminder program. They compared their 
results with results obtained from a group of HMO enrollees 
who did not receive the mailings and discovered that 
vaccination rates in the latter group were only 40-9% in the 



rirst year and~52.b% in the second year. Dr. Hanchak also" 
estimates that 144 admissions for acute and .chronic respiratory 
conditions may have been averted by the reminder program. 

Vaccination of healthy working adults, hi 1995, Dr. Kristen 
Nichols and colleagues at'tfieVA Medical Center in Minnesota 
reporred that vaccination of healthy working adults by 
conventional methods in the US would result in a cost-savings 
of $46.50 per person (1995 NEJM: 333:889). Other database 
and clinical studies also indicate favorable phaxmacoeconomic 
outcomes following vaccination. However, some investigators 
have argued that a cost/savings may .not be realized in all 
countries where medical programs and insurance; attack- rates » 
cost of vaccines and other factors differ from the US. 

Social biopsy factor. Dr. David S Fedson (Pasteur Mcricux 
MSD; Leone, France) and colleagues recently repotted on 
influenza vaccine disctibution and national recommendation and 
reimbursement policies in 22 developed countries for 1995 and 
1997* Their research revealed large variations in the levels of 
influenza vaccine usage, Dr, Fedson referred to a country's 
influenza vaccination practices as a serial biopsy; that is, a 
reflection of its social attitudes as much as a matter of medical 
expediency. For example, Japan's distribution rate plummeted 
from a high of over 280 doses per 1|000 residents in the early 
1980s to as low as two doses per 1,000 resident in the mid 1990s. 

Actual flu vaccine market- The actual vaccine market in the 
US for the 1997-98 flu season (in terms of actual doses) was 
estimated to be approximately 70-75 million doses. On average, 
manufacturers sold influenza vaccine for $18 per ten dose vial, 
although prices ranged from as low as $15 to as high as $25. The 
market structure is diffuse, with nearly 50% of vaccine sales made 
to individual clinics and independent physicians. Major influenza 
vaccine distributors often relied, in tuny on local wholesale 
operators 10 reach the broader market, Sales to Large HMOs, 
hospitals and government agencies represent only 10-15% of the 
total actual influenza vaccine market. Profit margins werc.much 
slimmer due to competition among manufacturers for the high- 
volume purchasers. Figure 1 presents the estimated US market 
shares for influenza vaccine irianufecturers for the 1997-98 season. 
All participants were expected to realize a larger share of die US 
market over last season since Parke-Davis (Morris Plains, NJ) 



Evans Medical 
15% 



Wyeth Averse 
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Figure 1. Estimated US Market Shares fa IiuliiensaVacarKManufeaure^ 
—19974998 Season, 
Source; D&MD* 



withdrew Fluogen from the market after a voluntary recall of 
ineffective lots of vaccine during the 1996r97 season. The 
market-leading Connaught Laboratories (Swifrwater, PA) is 
expected to gain the most market share this season 
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The Current Status of High-Throughput 
Screening and Outlook for the PutujcyPart I 

• This is Part 1 of a two-part article which assesses the emerging 
high-throughput Sttccnrng (HTS) marketplace as it applies to 
drug discovery in the large-cap pharmaceutical companies. 

• The following topics are reviewed in Part 1: (1) historical 
overview and definitions employed in die HTS business, (2) 
segmentation of the markets as they evolve, (3) technology 
platforms, (4) competitive environment, and (5) an analyst's 
view of the industry with respect to market opportunity, 
timelines and emerging trends. 

• In Part 2 of this article, which will appear in the May, 1 998 
issue of Drug & Market Development, a case study of a 
high' throughput screening company located in the San 
Francisco Bay area will be presented. This article will 
highlight the business models and target markets explored 
by the company, serving to illustrate the challenges and 
opportunities racing the emerging HTS industry. 

•. This article was prepared by strategic analyst Enal S Rarvi, 
Ph-D. (erazvi@vax.darku.edu) of Portola Valley, CA- 

Historical Overview 

Screening of small molecules in the attempt to discover 
pharmaceutical targets is not a new endeavor. The large-cap 
pharmaceutical companies have been screening historical file 
compounds in their databases for years in the attempt to discover 
new drugs, cither for new disease targets or in the effort to 
improve existing therapies. With the explosion in genomics and 
the realization that pharmaceuticals in the future will be built 
around the patient's genetic constitution, big pharma has 
embraced HTS as a bona fide, discipline. HTS and ultra high- 
throughput screening (UHTS) are now becoming essential 
components of R&D in the big pharmaceutical companies. These 
companies are the end-users of the HTS/UHTS technologies. 
They have both the need for sample and data processivity as well 
as the financial resources to underwrite the R&D efforts being 
performed at the smaller biotechnology outfits. Tabic 9 
summarizes the historical record of the screening enterprise, as 
applied to compound screening mpharmaccu deal discovery- 
Scope and Definition 

Even though screening has been performed in the large 
pharmaceutical companies for decades, only in the last few years 
has its role been emphasized to the degree that companies arc 
now built around screening products or services as their sole 
offering. This article focuses on screening at the high~throughput 
and ultra high' throughput levels as petformed by the end-users. - 
HTS and UHTS arc operational definitions reflecting the total 
throughput (or process Lvity) of the screening technology 
employed. The current definition (year-end 1997) b as follows; 

• HTS: 1 0,000- 100,000 samples processed pe* day 

• UHTS; >100 f 000 samples processed per day 
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Segmentation of Evolving Markets 

There is no doubt that screening for drug discovery is a 
rapidly growing discipline. Screening indeed works and is the 
origin of most drug candidates currently in the pipeline, as well 
as those already on the market. Furthermore, screening is a cost* 
effective way to drug-discovery. Given die current climate of the 
bktf harmaceutical industry, with immense excitement generated 
by genomics and bioinfonnatics as means to discovering novel 
genetic targets associated with specific diseases/ HTS/UHTS is at 
the forefront of drug discovery efforts. 

Ac the present time, the market for screening in drug 
discovery is dominated by the use of the microwelUbased 
platform. This technology, together with competing 
technologies, is discussed in more detail later. A more recently 
developed and emerging technology employs a chip-based 
approach by using micrbchannels on what have been termed 
bicchips for carrying out chemical reactions in a high-throughput 
manner (see D&MD Report #1901 entitled Bioddp Technologies 
and ApplicQikms for a comptehensive review of the technology 
and current market). Biochips promise to be the technology, 
platform for the future of drug discovery. Sec Table 10 for a 
breakdown of the HTS/UHTS marketplace. 

Raison d'etre for HTS 

So why all the excitement in the discipline of high- 
throughput screening of compounds, either hi the development 
of biologies (i.c. bioactive, naturally-occuning compounds) or 
small-molecule agonists or antagonist* of particular intracellular 
targets? The following list presents some of the reasons behind 
the increased interest in HTS in recent years: 

• The genomics enterprise — whose raison d'etre is to provide 
genetic elements implicated in various physiologic or 
pathologic phenocypes — promises to reveal hundreds, and 
perhaps even thousands* of genetic elements associated with 
particular diseases. The entire genomics enterprise, namely 
structural and functional genomics, aims to discover and 
provide biochemical functionality to hitherto unknown 
genetic elements implicated in disease. All of these 
elements ultimately need to be tested against candidate 
small molecules, and this fuels the need for HTS, 

• Combinatorial chemistry, the discipline of constructing 
related molecules on a single chemical backbone, provides 
entire libraries of compounds from which lead compounds 
must be identified. Current estimates of the size of 
combinatorial libraries are in the hundreds of thousands of 
compounds per library. This number is expected to grow to 
several million in the next two to four years* As combinatorial 
libraries grow, so docs the need for screening them- 

• Many of the therapies that involved easy target molecules 
have already been exploited, giving rise to the beta blockers 
and such which are currently used in the clinical setting* 
for more complex diseases mvorving the activity of multiple 
gene products, the information content per screen needs to 
? T "* ls^e^end-mseg-aee d s to be -able-te- 



evaluate the expression of multiple targets in a single 
screen, or take multiple measurements off a single 
biochemical reaction. Therefore, in addition to increases in 
sample throughput, the screens of tomorrow will also need 
to be irrformationally dense. Again, the emphasis is placed 
upon the data content oftht screen. 

Table 1 1 presents the evolution of drug-discovery technology 
in order to illustrate the increased need for screening in 
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♦ 10,000 samples per year 
•Assays performed in test-tubes 
•Very little automation 

• Screening was the race-limiting step in drug-discovery 



1990 



* 100,000 samples per year 

* Assays performed in mierotiter (96-well) plates 

* Workstation-based automation 

* Compounds to screen served as the rate-limiting step 



1995 



•500,000 samples processed per year 

•Assays performed in mierotiter (96-weH) plates 

• Woi&staiion-based automation 

•Targets (ptoceins) bo screen served as the rate-limiting step 



2000 



• Several millions of samples processed (screened) per year 
•High^densiry, smaller volume, high information content assays 
■ Assembly line-baaed automation 

•Rateyfoftragsap isthgcli^cterl7ation and anafyna cf Irafe j wmpwwl 



Source: Lasvre # Cmwfcm}> Inc. 



contemporary times. Mote the use of genomics and combinatorial 
chemistry as essential tools for contemporary drug-discovery 
efforts, and the attendant need for HTS- 

McKinsey & Co. recently published an analysis of the 
breakdown of total costs of drug discovery and the impact of 
, technological advances in terms of time and cost-savings. Table 
12 presents the results of this analysis itf quantitative terms. It is 
apparent from Table 12 (hat 45% of total coses of drug discovery 
and development are attributable, in some part, to the screening 
enterprise. Furthermore, given the inefficiencies in rime and 
reagent consumption in the screening process, technological 
advances in the screening process have the potential of trimming 
70-90% off of the rime and costs associated with the screening 
effort (valued at approximately 45% of total drug development 
costs). The following section presents a Nummary of the HTS 
technologies currently available as well as emerging trends. 

Technology Platforms fot HTS/UHTS 

Ultimately* it is big pharma that is underwriting the R&.D 
enterprise of HTS/UHTS, thus making them the primary end- 
users of this technology. There are two elements big pharma is 
looking for in the development of HtS/UHTS systems: (1) 
_sample processiy^, and UJUufcrmation content ppr samplfr 



processed Sample process! vity may be defined as the number of 
discrete screenings capable of being performed per machine 
working day. Table 13 examines the sample throughputs of 
various screening technologies. 

HTS and UHTS technologies seek to overcome the botdeneck 
in drug discovery by increasing assay throughput (sample 
procefisivity) per unit time. So how to Increase assay throughput? 
The foUWmg section presents die current solution co this problem 
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Microwell-based* One of the ways to increase sample 
processiviry is to employ the use of a higher number of wells per 
assay plate (of a defined footprint). Therefore* each well has a 
smaller volume and the same robotics machinery can screen a 
larger number of discrere samples in a given rime framer The 
current standard of HTS is Co use the 96- well plate. However, 
several companies are now employing plates with a higher well 
density— 384-wells per place. The emerging technology in micro- 
well based screening is to use plates with 1,536-wells. However, 
these ace still experimental and are not used currently in the 
HTS/UHTS enterprise. On the homon in microwell-bascd 
screening is th^"3 l 456^well place from Aurora Biosciences (La * 
Jolla, CA)— the Nanoplate™. This plate format will enable 
UHTS with sample proclivities of more than 1 00,000 samples 
per day. Note that in the microweU-based screening format, each 
well generates one data point per unit time. All those involved 
in pharmaceutical drug discovery at the present rime ate utilizing 
micro wells of some density (density defined in terras of wells per 
plate). Molecular Devices Corp, (Sunnyvale, CA) produces the 
Huorometric Imaging Plate Reader (HJPR)> which U currently 
the only high'throughput live celkscreening system on the 
marker capable of processing 10,000 samples per day. 

The bulk of pharmaceutical screening is primary screening — 
detenriining whether an agonist or antagonist affects a given 
target- This is a binary screen and amenable to the micro well- 
based format described above* However, once candidate 
compound(s) have been identified from a primary screen, the 
subsequent characterization of these lead compounds is an 
information-lncerisive exercise. Often, a large raimbcr of discrete 
pieces of data .need to be accumulated to arrive at the conclusion 
of whether or not a given Air is worth pursuing further in arumal 
and preclinical studies. So, what technologies on the horizon can 
give rise to infotmationKlense HTS? The following section sheds 
some light on this issue. 

Micixxiannel-fcased* Until now w have considered screening 
a nrocess which is not dvnamic-— each samule nrooessed vicldin? 
only one data point. Given the need for increased throughput of 
data and information, the opportunity exists in the marketplace for 
. technologies which enable greater amount of data acquisition per 


Table 11 

itug A^»v*jvcry x rv, n ntfipgngs x Xwfn ana XMOW 


1920s 


•Major drug classes were die antibiotics 

• Sources were medicinal chemistry, natural products 

• Target identification was via human physiology 

• Targets of therapies were micro-organisms 


1950s 


•Major drug classes were cardiovascular drugs, and' 
hypeiteraives, diuterte^ 
•Sources were again from natural products 
• Target identification was via biochemistry and cell biology 
•Targets were enzymes and receptors 


1980$ 


L^iug classes were composea. 01 Tccoroptnant proteins, 
monoclonal antibodies 

* Sources were tissue culuire and genetic engineering 

(recombinant DNA technology) 
•Target identification was via molecular biology 
•Targets were genes and proteins 


1990s— 2000 and beyond 


•Drug classes are composed of peptides and small molecules 

• Sources are combinatorial peptide synthesis and 
combinatorial chemistry 

• Taiger. identification is via scnxtural genomics, furctioml genomics. 
HIS anxi the use of $£7iet^ 

•Targets' are genes, genetic regulatory elements and "mrracellular 
signal transduction pathways 


Sounti Volpe Brown Whskcn 67 Co. 


. unit time. Miciochannek etched into a solid substrate provide the 
possibility of movement of fluids via electric fields. Two factors 
contribute to this: (1) etectrophoretic movement of charged 
molecules in the fluid (such as nucleic acids with a net negative 
charge), and (2) dectrokinetic movement of the fluid itself in the 
channel Thus, by the application of appropriate electric fields to 
the ends of microscopic channels, fluids may be moved around. 

The biochip is a solid substratum, such ai glass or plastic, 
with microchannels etched into it. Potential differences may be 
applied across the channels to move fluids within the channels 
as well as achieve dynamic mixing of fluids within the channels. 
Biochips provide a very powerful combination of wet 
biochemistry with computer control (the mixing of the reagents 
in the channels is mediated by voltage differences applied in 
sequence under microprocessor control). So, what can biochips 
actually do for the biopharmaccurical ccnoimunityl? At this stage, 
biochips arc still in the R&D phase, but the first prototypes are 
expected to reach the end-users (big pharmaceutical and 
diagnostics companies) around 2Q98, at the earliest- What will . 
drive the HTS/UHTS market to adopt microchannel-baeed 
devices for screening candidate molecules? The following list 
presents a set of arguments for the penetration of nucrochannel- 

based wchnolow inro the nriarnw HTS/LJHT"S marWfnlftf*' 

* Assay volumes are in the pL range, thereby decreasing cost 
of consumables for HTS and extending the useful life of 
combinatorial libraries. It is estimated that the average cost 
of screening using microwells is currently around $1 per 
screen. Biochips may be able to bring the cost down to 
$0-10 per data pvini- 


Table 10 

Segmentation of die HTS/UHTS Marketplace 


, Segment 1 
MicroweTJrBased HTS/UHTS 


* HTS is currently practiced; UHTS is expected to hie the 

• Cuuent technology platform 

•Performed in mierowells of density 9 6- wells per plate; 
densities of 384-wells per plate are now hitting the market 
and should begin to penetrate the market by 3Q*98 

•UHTS will be performed in 2 microliter (fiL) wells (with 
1 uX of sample per well) at a density of 3,45cWdlg perplace 


Segment 2 
Mkrochannel^Based HTS 


•Currently in the R&D phase; nothing on the marker as yet 

• Prototypes should be shipped to Referred custtrmers by 20*98 

• Sample volumes are in the picoliter (pL) range 

•Data dnroughput is expected to be 10-15 times greater than 
conventional rnicrowell-based assays 


Sowree: D67MD. 
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TabkU 

Costs Involved in Drug Discovery/Development and 
Impact of Technological Advances on Savings 



Understanding the Disease 



• Cost associated = 5% of total 

•Impact of advances in terms of time savings = 50% 

• Impact of advances in terms of cost savings == 0% 



Selection of Target 



■ Cost associated * 5% qf total 

•Impact of advances in terms of time savings 70% 

•Impact of advances in cenns of coic savings - 70% 



Desigjt^ the Primary Screeq 



•Cost associated = 10% of^nal 

•Impact of advanced in tends of time savings 10% 

•Impact of advances in terms of Cost saving ^ 10% 



Screening andftfc"«* fi ~»tfcrri irf Wto 



• Costs assooiatedfc 15% of total • , 

■ Impact of advances in terms of rime savings'* 90% 

•Impact of advances hi terms of cost savings = 90% 



*Coets associated ■ 20%'cf total 

• Impact cf advances in terms oftime savings » ?P% 

• Impact of advances in coma of cose saving* 70% 



Converting I.ffld Compo unds to Develqpme^rt ^n^ fl ft^ 

•Costs associated ■ 45% of total 

* Impact of advances in terms of rime savings = 10% 

•Impact of advances In terms of cost savings - 10% 



Source: McKbscy #Co. 



Once the reagents are loaded onto the chip, a variety of 
configurations for mixing and measuring can be achieved 
using extrinsic [to the chip] computer control — increasing 
the flexibility of the assays that may be performed. 
The information content the miao channel -based system 
can. deliver per given sample is much higher than thst 
which may be achieved with microwells. In this way, a 
typical run using an en2yme, its substrate and a set of 
inhibitory compounds can determine the Km of the enzyme, 
and in the same run determine the Ki of the various 
inhibitors tested, thus increasing the informational density 
of the screen. Ultimately, the unit shipment (in terms of 
pricing) from the HTS enterprise will be units of 
information, rather than the plastic chips thcmselvta. 
The footprint (she and shape) of the microchannel-based 
devices is comparable to microweU plates* In this way, robotics 
and other machinery that many companies already have in 
place will be easily adaptable to the next format, this will 
Tcdnrft rhf ensr farrnr invnlvi*d in th* *Ae\pt\nx> pf -rhjg n?w 



technology and will thus create a conversion market— from 
the mLcrowell-based format to the rructochannel-based format 
• In summary, therefore, there are two platfotms for 
HTS/UHTS — microwells and microchanriels. Currently, 100 
percent of the screening market is dominated by nucrowell- 
based screening. Microchannel-bascd devices are still in the 
developmental stage and are expected to make a debut in the 
next 8-12 months. In the final section of this article, an 



analyst's view of the HTS/UHTS market is presented with 
predictions for the future of this enterprise. 

The Competitive Landscape 

This section presents a summary of three major players in the 
rwcrowell-based HTS/UHTS marketplace, as well as two major 
players in the miaoiianncl'-hased (blochip) HTS marketplace. 

Aurora Biosciences, Inc» is a dedicated HTS company 
which completed an iniiiaj puhlic offering (IPO) of 4,000,000 
shares (priced at $10 each) in the summer of 1997, raising 540 
million on Wall Street (NASDAQ: ABSC). Aurora is 
iwsuing the business model whereby the coiiuoany develops its 
proprietary UHTS system in-housc and partners with select big 
pharma firms to finance their in-houae R&D operation. Once 
the UHTS system (with expected sample process Lvities of 
>100,000 samples per day) is completed, it will be shipped to 
Aurora's partners. Aurora's, technology hinges on the use of 
extremely high-density microwells (their Nanoplate will have 
3,45r>wells) and cell-based screening assays. Shipments of die ■ 
completed UHTS from Aurora are expected in 4Q*99 or 
1Q2000. Ultimately, Aurora is aiming to target the cell-based 
HTS/UHTS marketplace — the upper echelon of screening, 

Molecular Devices Corporation is a well-known player in 
the laboratory automation marketplace with spectrophotometer 
and microwell plate-readers (NASDAQ: MDCQ. Molecular 
Devices is participating in the emerging HTS market for drug 
discovery by shipping its product, ELIFR, to the phairnaceutical 
marketplace, HJPR is the only true high-throughput live cell- 
screening product on the market today capable of delivering 
sample ptocessivitics of apprcodinately 10,000 samples per day, 

LJL Biosystems (Sunnyvale, CA) is entering the field of 
HTS, LJL was founded to produce instrumentation for clinical 
diagnostics laboratories, but haB changed its focus to take 
advantage of the growing interest, in HTS in the 
pharmaceutical community. In 3Q'97 r LJL introduced its 96- 
well and 384-well systems using fluorescence readouts for HTS 
(Analyst™ system). Earlier in 1997 , LJL completed a private 
placement round of. financing raising $9 million through 
Montgomery Securities. LJL is currently privately-hetd- 

Caliper Technologies Corporation (Palo Alto, CA) is 
developing its prototype LabChip™, a version of the biochip 
capable of performing biochemical reactions in solid substrata. The 
company has forged an alliance with Roche (Nutley, NJ) for the 
development of an UHTS based on microchannel technology. 
Furthermore, Caliper plans to perform HTS in-house using its 
channel-based platform. Thus, it appears that Caliper is pursuing 
two business models: (1) shipping chips and the associated 
hardware to the research corrutiuniry (either academic or industry), 
ox (2) offering a fee-for-service business. Caliper is constructing 
clean rooms with GMP-c*rtifiearion for die in-house manufacture 
of chips, and the company plans an IPO m Ae next WZ months. 
-Soane^ios€teages-(H ayward, CA^kdevdoping HTS systems- 



for drug discovery based on microchannel technology. The 
company is .pioneering the use of disposable plastic chips 
containing microchanneb in various formats for perfonning 
biochemical reactions in jitu. Soane has formed a collaboration 
with Johnson & Johnson (New Brunswick; NJ) fox developing 
chips for HTS in drug discovery, and another with Hitachi 
(Tokyo, Japan) for the exploration of plastic biochips in molecular 
diagnostics- Soane's business model is to champion its strengths in 
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Technology 


Throughput ' 
(assays/day) 


— — Manual 


— : ym — 


Semi^automaied 


5.000 


HTS (Wend) 


10.(000 


HTS (high-end) 


100.000 


UHTS 


>100.000 


Source: D&MD. 



Table 13 

Sample Throughput Capacities of Various Screening 
Technologies 



performing biochemical reactions as well as DNA separations in 
plastic for targeting the HTS and diagnostics markets. 

Market Opportunity* Timeline and Emerging Trends 

HTS is currently a very hot topic in the pharmaceutical 
community. Major players are companies with excess cash and 
a tight bureaucratic structure. "Therefore, it b easier for them to 
buy or license Technology than It is to develop it for themselves 
For big pharma, HTS is at the core of the entire drug discovery 
enterprise, and companies are willing to bec on the success of 
dedicated screening outfits such as Aurora Biosciences to 
deliver the processivity and throughput that they require. 
Jurgen Drews (former President of Global Research; HoSinann 
La-Roche) has calculated that the drug discovery enterprise as 
it stands today at big pharma is incapable of sustaining the 15% 
or so annual growih in revenues the capital markets require for 
These firms to sustain their valuations. So, what is the 
solution?— t A move coward outsourcing drug discovery projects 
to dedicated biotechnology outfits. 

HTS is a growing enterprise and big pharma's need to screen is 
limited only by the available technology. If a system with higher 
levels of throughput were to be presented today, big pbHrma 
would pay for it. One estimate for the total market value of HTS 
ranges in the billions of dollars. After all. if estimates that pharma 
spent about $18 billion on R&D in 1997 are correct, and 15-17% 
of that amount is dedicated to screening, over $3 billion was spent 
in 1997 on screening alone— HTS being one of the components 
of the total screening enterprise. So where is the field heading? 
With a huge market opportunity, the expectation is for more 
playets to enter the market. Some will be small outfits dedicated 
to performing specific services (in a fcc^for-service model), which 
may eventually merge or be acquired by big pharma. Industry 
sources report chat HTS on targets revealed by the genomics 
enterprise has not begun as yet in the big pharma community. It is 
expected, however, that this will commence in the next &-12 
months. With the introduction of UHTS and the use of 
genoimcs-dciived targets, the HTS mdustry is expected to take an 
upward inflection around 3Q'99^IQ2000 and continue upward 
with the use of biochip-based screening and the resultant 
exponential increases in data acquisition. 

Progress Towards Clinically Successful 
Xenotransplantation 

• As a result of the large, unmet need for transplant tissue, 
many biotechnology companies have sprung up to address 
the challenge of finding alternative sources of tUsue, and the 



field of xenotransplantation has expanded rapidly over the 
past five or so years, 

• Some approaches that may contribute to the future viability 
of xenotransplantation as a clinical practice include the 
inhibition of complement binding, with various approaches 
being taken by TCeU Sciences, Alexion Pharmaceuticals 
and Nextran, and the elimination of offending antigens 
which contribute to xenograft rejection, an approach also 
being explored by Alexion and Nextran, a* well as 
SioTranspIant, Inc* 

• TliU~«icIe^ 

of xenotranspWi tat ion, as well as some of the most pertinent 
safety issues that have recently arisen in Europe and the US. 

• This article was prepared by Chester A. Bisbee, Ph-D M 
Andover, MA. 

Introduction 

The era of organ transplantation began in 1954 when Dr. 
Joseph Murray and his surgical team successfully transplanted a 
kidney from one identical twin into another- In the intervening 
44 years, organ transplantation has become a standard medical 
procedure. In fact, some less dramatic forms of tissue 
transplantation, such as blood transfusion and hone or ligament 
replacement, are commonplace clinical procedures. 

However, organ transplantation remains expensive- Renal 
transplants cost around $50,000 per operation. Yet, trans- 
plantation remains a cost-effective treatment for end-stage renal 
disease because patients undergoing hemodialysis, the alternative 
treatment, expend this amount for each year of dialysis. In 
contrast, after the initial transplant, annual costs for treatment of 
transplant patients usually do not exceed $10,000. which 
includes the necessary payments for Immunosuppressants. In 
addition, as important as the direct cose savings, the social and 
psychological advantages of transplantation are great. 

Although between 18,000 and 19.000 kidney transplants will 
be performed this year in the US (see Table 14), large organ 
transplantation continues to be plagued by a shortage of donors. 
Well over twice as many patients are registered in organ banks as 
will receive transplants this year. An even greater number of 
potential patients who could also benefit from organ transplants, 
but who are not prime candidates for this procedure because of 
other medical conditions, are not even registered* Additionally, 
as surgical and related biomedical technology continues to 
advance, the number of organs needed will increase at a rate that 
greatly outpaces that of organ supply. Estimates of the number of 
individuals who could benefit from a kidney transplant in the 
US, Europe and Japan are shown in Table 15. Due to the drastic 
discrepancies between those who need organs and the number of 
donor organs available, two major issues are continuously being 
addressed by clinicians: (1) rationing of these currently scarce 
resources and (2) increasing donor organ availability. 

Donor organ availability can be increased in two ways — 
either more organs can be donated or alternative sources can be 
developed. Increased number? of donated organs can be achieved 
either through legislation encouraging voluntary donation or 
creation of a market for organs and tissues. Most European 
countries rhar have adopted legislation to encourage donation 
have seen only marginal increases in organ availability. 
Similarly, the creation of an open market would most likely 
increase distrust and cause great concerns relating to fairness, 
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Although the rich structural and functional 
diversity of RNA, often compared to that 
of proteins, makes RNA a likely target for 
small molecules (1), the lack of an 
efficient method for identification of novel 
small molecule ligands of a given RNA 
target has been a limitation to this 
approach. We have developed a high 
throughput method to Screen for 
Compound with Affinity for EJucleic acid 
targets, SCAN, which allows the rapid 
identification of specific small molecule 
ligands of any target RNA from a random 
compounds library. Here we describe 
SCAN and its application to the discovery 
of antiviral compounds that bind to the 
encapsidation signal of the hepatitis B 
virus. 



INTRODUCTION 

Regulation of gene expression and other metabolic 
pathways by mechanisms that involve structured 
RNA motifs is ubiquitous among eukaryotic cells as 
well as infectious agents such as bacteria and 
viruses. It is well established that small molecules 
that bind RNA can inhibit RNA function. For 
example, 2-DOS-containing aminoglycosides bind 
specifically to the structured HIV Rev response 
element, RRE, blocking its recognition by the Rev 
protein, and thereby inhabiting HIV replication (2). 
However, the lack of efficient methods for the 
identification of novel small molecule ligands. of 
RNA has hampered efforts to exploit the vast 
diversity of therapeutic RNA targets. Thus, the 
development of effective technologies for the 
discovery of novel ligands of therapeutic RNA 
targets is highly desirable. In this report we describe 
the development of SCAN, a high throughput assay 
for the identification of small molecule ligands of 
any structured RNA target from random compound 
libraries, and its use for the discovery of novel 
antiviral drugs directed to RNA targets. 



RESULTS 

SCAN Principle. This technology is based on 
the principle that binding of a ligand to a structured 
RNA causes the stabilization of the structured form. 
Thus, under conditions of equilibrium between 
folded :and unfolded forms of the target RNA, 
ligand binding can be measured as a change in their 
ratio. We have developed a method that uses 
oligonucleotide hybridization as the means to detect 
the stabilization of an RNA target upon ligand 
binding, Figure 1. The hybridization rate of an 
oligonucleotide to its target sequence is reduced by 
the presence of stable secondary structures. 
Therefore, target RNA stabilization by ligand 
binding will decrease the hybridization rate of an 
oligonucleotide complementary to the target. Several 
methods can be used to quantify the extent of 
hybridization of oligonucleotides, including solution 
phase methods using fluorescent labels, and affinity 
capture methods. Figure 1 depicts a SCAN system 
using streptavidin-based capture for quantitation of 
hybrids between a radiolabeled RNA target and a 
biotinylated oligonucleotide. 
Proof of principle. We used a 46 nt long ATP- 
binding RNA-aptamer, AB-RNA (3), Figure 2, as a 
model system to prove the principle of SCAN. AB- 
RNA binds ATP with \M affinity. The radiolabeled 
ATP aptamer was incubated with a biotinylated 
complementary oligonucleotide and various 
concentrations of ATP or UTP. After the reaction 
period, the extent of hybridization was quantified as 
described in Figure 1. Ligand dependent inhibition 
of the hybridization reaction was calculated by 
comparison with a control reaction in the absence of 
ATP. As shown in figure 2, the rate of 
hybridization of a biotinylated oligonucleotide to 
AB-RNA was reduced by 50% at a concentration of 
5 \M ATP, whereas UTP had no effect at the same 
concentration. Similar results were obtained in a 
solution phase system using a fluorophore labeled 
RNA target to monitor its hybridization to a cold 
oligonucleotide by fluorescence quenching. This 
result demonstrates that the SCAN assay can detect 



.) 



14 Nucleic Acids Symposium Series No. 41 
A 




, UIIHIILs-J 




B 

Radiolabeled target RNA 
Ligand 

Biotinylatedoligo 

Hybrid 

Streptavidin 
Biotin 

Nitrocellulose Filter 
Figur e I. Static representation of SCAN. 

Snucleotide results in the formation of an SeteLne the extent of hybridization cfbri^ 

conformation of target-RNA ^f^^^S^^mP^ is added and the protein-nucleic and complexes are 




G G U „ 

5-GGAACCUUG CGGCAC U 
3.dct5uGGAAC Q GCCGUG Q C 




100 

NTP(HM) 



1000 



Figure 2. A) ATP-binding RNA aptamer. B) The 
hybridization extent of radiolabeled AB-RNA to biounylated 
oligonucleotide, in the presence of increasing conewtratio™ 
of ATP, was compared to a control without ATP and the 
ratio expressed as % of inhibition. 



a specific interaction between small molecu e 
ligands and an RNA target. We have successfully 
developed SCAN assays for several RNA targets 
including the HIV Tar and RRE elements the 
encapsidation signal of HBV, and other regulatory 
RNA's. An example of SCAN's application to drug 
discovery is described below. 
Application of SCAN to the discovery of 
anti-HBV compounds. The encapsidation and 
replication of the HBV genome requires the 
recognition of a highly conserved RNA structure 
epsilon, by the viral polymerase. This RNA 
structure, Figure 3, located at the 5^end of the 
rjregenomic RNA has been implicated in multiple 
functions including pregenomic RNA encapsidation 
and replication of the viral genome. This process 
begins with the formation of a stable complex 
between the viral polymerase and epsilon. This 
complex is then encapsidated into viral core 
particles. Replication starts with the protein-primed 
synthesis of a short oligonucleotide primer using the 
epsilon bulge sequences as template, Figure f 
positions 10-13, (4-5). The sequence of epsilon is 
also part of the open reading frame encoding the 



pre-core viral protein. The unique structural 
characteristics, tight sequence conservation, and 
multiple functionality make epsilon an excellent 
RNA target for antiviral drugs against HB V. 
We have used SCAN technology to screen for 
specific ligands of epsilon RNA from a diverse 
compound library with an average molecular weight 
of 300-400 daltons. All primary hits were 
confirmed by titration in SCAN reactions in the 
absence and in the presence of an excess of an 
unlabeled,, _ non-specific competitor .RNA_. to 
determine their specificity. Screening of 115,000 
compounds yielded 116 compounds with specific 
affinity for the epsilon RNA. Initial testing of the 
most active compounds in a cell-based HBV viral 
replication assay (6) identified 18 compounds with 
potent antiviral activity. These compounds belong to 
seven different chemical classes which do not 
include nucleoside analogs. Subsequent testing of 
numerous analogs, resulted in the identification of 
compounds with antiviral potencies similar to that of 
antiviral nucleoside analogs. Studies to confirm 
these compound's antiviral mechanism of action are 
currently underway. 

Binding site identification. To further 
characterize ligand binding to epsilon RNA, at the 
molecular level, we performed RNAse protection 
and chemical modification protection experiments. 
Figure 4 shows the CMCT chemical modification 
patterns of epsilon RNA in the presence and 
absence of compound ST, identified by SCAN as 
an epsilon ligand. The results indicate that the ligand 
binds to the bulge of epsilon RNA. Binding to the 
bulge region of epsilon RNA was also observed in 
DMS modification and nuclease protection 
experiments, and by thermal melting stabilization. 
These observations demonstrate that SCAN can be 
used for the identification of highly specific ligands 
of structured RNA targets. 



A-U 
A-U 
20 - C-G 
C-G 
U«G 
Cs U 

g uUCa V 

UCA-U 40 
U-G 
C-G 
C-G 

5'* G 

Figure 3. HBV epsilon RNA structure. 
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Figure 4. The pattern of modification of uridine and 
guanine bases with CMCT ( l-cyclohexyl-3-(2- 
morpholinoethyl)-carbodiimide) is shown. In presence of 
ligand ST, (shown to the right), modification protection or 
enhancement of specific positions is indicated. The 
modification pattern of the loop and double stranded regions 
of epsilon RNA were not affected by ST. 



DISCUSSION 

In this work we have described the use of SCAN to 
identify specific ligands of HBV epsilon RNA, and 
demonstrated by independent methods the binding 
of a ligand to a specific site on the target. We have 
found that approximately 20% of the epsilon ligands 
initially selected by SCAN showed antiviral activity 
in a cell-based HBV replication model. The high 
frequency of antivirally active compounds among 
those selected by SCAN suggests that their antiviral 
activity may occur by the expected mechanism, 
epsilon binding. A series of experiments to obtain 
direct evidence of the antiviral mechanism of action 
are currently under way. 

SCAN is an excellent tool that allows the rapid 
identification of ligands to RNA targets of 
therapeutic interest. Typical drug discovery efforts 
involve the development of an in vitro functional 
assay and its use to screen for inhibitors of the 
activity being measured. In contrast, SCAN does 
not require the development of an in vitro functional 
assay and ligands that bind any site of the target can 
be identified, regardless of the target's function(s). 
Thus, inhibitors for any activities of the target can 
be identified in a single screen, including inhibitors 
of previously unknown activities. Using SCAN, a 
large compound library can be rapidly reduced to a 
small number of compounds with demonstrated 
affinity for the target. This small number of 
compounds can then be directly tested for activity in 
more cumbersome cell free and tissue culture 
systems, such as antiviral assays, which are not 
generally amenable to high throughput screening. 
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